INTRODUCTION
Diminishing Manufacturing Sources and Material Shortages (DMSMS) is the loss or impending loss of manufacturers or suppliers of critical items and raw materials due to production discontinuance. DMSMS is an increasingly difficult problem for DoD weapon systems because the manufacturing lives of many critical items get shorter while the life cycles of military weapon systems keep increasing. Traditionally, efforts to mitigate the effects of DMSMS have been reactive; that is, the effects are addressed only when they are seen. This reactive approach to DMSMS solutions leads to decisions that put a premium on faster solution paths with attractive short-term gains in order to avoid system inoperability, while ignoring the long-term solution paths that would lead to generic families of solutions or larger-scale solutions with the capability of avoiding future DMSMS issues. In order to solve DMSMS issues with lower overall cost, DMSMS solutions must change from reactive to proactive. The building blocks of effective proactive management of DMSMS are established during the design and development of systems. If systems are designed with the inevitability of DMSMS in mind, early solution paths with largescale solutions can be started at an appropriately early time to enable intelligent choices without the imminent threat of system inoperability. Such generic large-scale solutions and a consensus on where DMSMS threats are most prevalent can be better forecasted by the use of a standard set of DMSMS management practices used by the foremost members of industry. The creation, dissemination, and widespread use of such a standard can greatly help the cause of proactive management of DMSMS.
This guideline presents a set of DMSMS management practices that can be used by original equipment manufacturers (OEMs) during the design and development of complex military electronic systems to mitigate the effects of DMSMS. Such practices will help future builders and modifiers of DoD weapon systems to design proactively to address the issues of future component obsolescence.
Scope
This document includes a standard set of Diminishing Manufacturing Sources and Material Shortages (DMSMS) management practices that can be used, or espoused, by the OEMs for use during the design and development of complex electronic systems to mitigate the effects of future DMSMS. While this document focuses primarily on microelectronic devices, the DMSMS management methods described here may also apply to other commodities. • Introduction (Stage 1): Suppliers begin to ramp up the production and can supply a limited quantity. Due to the learning curve, expenses and uncertain market for a new part, prices are usually high, and volumes are limited. The probability for obsolescence of introductory parts being prematurely discontinued from the marketplace is relatively high. Risk analysis and appropriate contingency planning must always be done when selecting introductory stage parts. Parts in this stage must be evaluated against the above restrictions before being considered for use in new design.
• Growth (Stage 2): Sales grow rapidly and attract additional competition, resulting in cost cutting measures being taken. Rapid growth and capacity additions also bring added risks of poor quality control and availability. Suppliers provide additional capacity to meet increased market demand initially, but the rate of growth decreases near the end of this phase. Risk analysis and appropriate contingency planning must also be an integral component of part selection for this stage. The probability of obsolescence diminishes rapidly, but parts in this phase must also be evaluated against the cost and availability limitations prior to being considered for use in new system design.
• Maturity (Stage 3): Sales peak and then start to level out toward the end of the phase. The probability for obsolescence is the lowest in this phase. Depending upon the lifecycle and reliability objectives of the system, the parts in this phase are highly recommended for use in new system design.
• Saturation (Stage 4): Sales level out and suppliers start to cut back on capacity by the end of this stage. Some technology leading suppliers may start to migrate to the next generation technology, and second tier suppliers may need to be qualified to sustain a viable supplier base. Some marginally competitive suppliers may also elect to exit the marketplace. Appropriate use of equivalents in the design and good evolutionary planning may allow parts in this stage to be used in new design depending on the system life cycle requirements.
• Decline (Stage 5): Sales and capacity decline fairly rapidly. Most of the technology leaders are exiting the business in favor of new opportunities with second and third tier suppliers left to support the product lines. Additional, costly qualification efforts may be required to support the product for the near term. Suppliers build only limited quantities. Product in this phase should be avoided for use in new system design unless robust equivalent device qualifications and evolution planning can demonstrate a cost-effective solution.
• Phase-Out (Stage 6):
In this phase sales and capacity fall more rapidly to an absolute minimum level. Suppliers start discontinuing parts rapidly. The probability of obsolescence is at its peak for the productmanufacturing horizon. Parts in this phase should be prohibited for use in any new or modified system design.
Special Cases
Not all devices conform to the six life cycle stages described in EIA-724 2 . Some devices undergo a false start and die out, or may be associated with a niche market. Some devices may be revitalized after the decline stage. Other possibilities can also arise due to various economic, social, and environmental occurrences. A false start typically suggests that a device starts out with a strong period of growth only to stall because of one or more of the following factors:
• Introduction of a superior competing part
• Improvement of a competing part
• Identification of a technical problem associated with the part
• Failure to reach the critical mass to allow economies of scale to be realized
• Lack of a unique and compelling application for the part
Microcircuit Life Cycles and Introduction Rates

Historical data
3 from industry studies shows that the average life span of total microcircuits across all quality ranges is around 10 years overall. Military microcircuits average greater than 12.5 years while commercial microcircuits (including "mil-temp-only," industrial, and commercial temperature devices) average less than 8.5 years. Certain microcircuit families have different life spans; for example, certain linear devices average less than 14.5 years while some microprocessors and memories average less than five 5 years. The following shows the average introduction rate for new generations of commercial integrated circuits Observations from various industry sources indicate that these average introduction rates have gotten shorter in more recent years. DRAFT
Electronic System Life Cycle Model
For the purpose of this guideline, the following acquisition phases 5 will be used to describe the life cycle of an electronic system.
• Phase 0 -Concept Exploration:
Phase 0 typically consists of competitive, parallel short-term concept studies. The focus of these efforts is to define and evaluate the feasibility of alternative concepts and to provide a basis for assessing the relative merits (i.e. advantages and disadvantages, degree of risk) of these concepts at the next milestone decision point. Phase 0 affords the greatest opportunity to effect reductions in total ownership costs (TOC). Funding and logistics profiles are still fluid, and the widest range of Non-Development Item (NDI) and Commercial Off The Shelf (COTS) choices available.
• Phase I -Program Definition and Risk Reduction: During this phase, the program becomes defined as one or more concepts, design approaches, and/or parallel technologies are pursued as warranted. Assessments of the advantages and disadvantages of alternative concepts are refined. Prototyping, demonstrations, and early operational assessments are considered and included as necessary to reduce risk so that technology, manufacturing, and support risks are well in hand before the next decision point. Cost drivers, life-cycle cost estimates, cost-performance trades, interoperability, and acquisition strategy alternatives are considered to include evolutionary and incremental software development. Significant opportunities exist in the conduct of Trade Studies, make-or-buy decisions, simulation tool usage, design for Built-in-Test (BIT), Pre-Planned Product Improvement (P3I) planning and logistics support alternatives.
• 
Weapon System Life Cycles
Obsolescence of subsystems is a risk driver for weapon systems because, as with many lowvolume complex electronic systems 6 , they are intended for use over extended time, leaving them vulnerable to obsolescence of the parts, subsystems, and technologies that comprise the system. Resources have to be committed and combined engineering-business strategies need to be implemented, to sustain supply of obsolete parts long enough to permit redesign and requalification.
With the collapse of the Soviet Union, very few new weapon systems are being built, and existing systems are expected to be the front line military defense far longer than planned. Many weapon systems can now expect to see a service life of 40 to 90 years. The B-52, for example, will be operational for more than 94 years. This is long enough to provide the potential for five generations of pilots from the same family to fly this aircraft. Technology obsolescence studies 7 also note that the time period from the start of design to the beginning of production is increasing. As the time from design to production stretches out, many technologies used during the design are obsolete before production starts. 
DMSMS Management Program Development and Implementation
The following matrix identifies the DMSMS mitigation approaches described in this guideline and the program phase(s) that provide the greatest opportunity to apply them. This matrix is presented as a tool for planning purposes; the DMSMS mitigation approaches applied will vary depending on the electronic system involved and applicable acquisition phase of the program.
Electronic System Life Cycle Vs. DMSMS Mitigation Approaches
Phase 0 Level 1: Practices implemented to resolve current obsolete items. Some of these activities may be considered reactive.
Level 2: Minimum required practices needed to mitigate the risk of future obsolete items. The majority of these activities are perceived as proactive.
Level 3: Advanced practices required to mitigate the risk of obsolescence when Level 1 or 2 activities are no longer cost-effective. These proactive activities may require additional program funding.
The proactive DMSMS approaches described in this guideline (see 4.1) generally correspond to Levels 2 & 3. For the selection of practices to begin, an event usually occurs indicating that one or more practices need to be implemented. These events, called triggers, form the basis for selecting the DMSMS mitigation approaches to be applied for a particular program phase. The selection process should address the complexity of the program, the available resources, management philosophy, and the life-cycle phase of the program. A program entering EMD, for example, may plan to implement Level 3 practices, but a program in sustainment may not be able to afford to implement all of these. The selection of practices should also consider the affect on:
• Unit production cost estimates
• Life-cycle costs
• Cost performance versus schedule
• Acquisition strategy
• Affordability constraints
The potential for cost avoidance versus relative implementation cost associated with each DMSMS practice level is shown in the following figure   8 . Summaries of the possible triggers are also included. Because of the wide variations between programs, only the relative implementation costs are shown here. When compared to Level 1 practices, Level 2 practices are two to four times more expensive to implement, and Level 3 practices are three to six times more expensive. It is important to note that as more practices are selected, the potential for cost avoidance increases. The nonrecurring engineering cost factors described in this guideline (see 4.3) can be used to perform an economic evaluation of solutions to DMSMS events (see 4.2) and to estimate DMSMS cost avoidance associated with implementing the best resolution in line with program requirements and cost constraints. 
Potential for Cost Avoidance Vs. Relative Implementation Costs
P o s s i b l e P r a c t i c e s DRAFT
Proactive DMSMS Mitigation Approaches
The following describes a variety of methods that can be applied during system design to minimize the impact of future component obsolescence issues.
Technology Roadmapping
Technology roadmapping is a specific technique for technology planning, which fits within a more general set of planning activities. It identifies critical product needs that will drive technology selection and development decisions, determines the technology alternatives that can satisfy those needs, helps select the appropriate technology alternatives, and helps generate and implement a plan to develop and deploy those technologies. ANSI/AIAA-R100-1996, Parts Management, describes the use of technology roadmaps to minimize risk of obsolescence and to develop a strategy for technology insertion during the entire life cycle.
The main benefit of technology roadmapping is that it provides information to help make better technology investment decisions. It does this first by identifying critical technologies or technology gaps that must be filled to meet product performance targets. Second, it identifies way to leverage R&D investments through coordinating research activities either within a single company or among alliance members. Some companies do technology roadmapping internally as one aspect of their technology planning. At an industry level, technology roadmapping involves multiple companies focusing on common needs.
The following • Integrated Circuit Engineering (ICE) Corporation market research analysis and technical publications provide information about semiconductors, semiconductor manufacturing and capital equipment.
Further insight into future product offerings and technology is often needed for more effective planning. Some companies establish nondisclosure agreements with device manufacturers to gain this insight. Used in conjunction with component obsolescence forecasts, technology roadmaps can be an effective tool for design review activity.
Planned System Upgrades
System upgrades should be planned at defined intervals so microelectronics obsolescence can be dealt with at the same time. This involves predetermining points during the equipment life at which the design of all or parts of the system will be brought up to date and obsolete items replaced. This approach is particularly effective when phases of research, development and use take place in parallel. Between the planned upgrades, other options, such as bridge-buys, may be necessary as interim means to mitigate microelectronics obsolescence for on-going equipment manufacturing while upgrade development proceeds.
Planned system upgrades should be considered:
• for new electronic systems
• when the time scale for obsolescence can be predicted accurately
• under circumstances of rapid technological development
• when a lifetime buy is inappropriate (e.g. shelf life constraints)
Technology Insertion
Technology Insertion is a means of dealing with the rapidly growing problems posed by DMSMS. Technology Insertion refers to "The introduction of new technology into a given design, manufacturing, marketing or maintenance process in order to effect measured change in the performance of that process". If conducted effectively, Technology Insertion provides a principal means of proactively dealing with obsolescence.
To properly integrate Technology Insertion activities into the System Engineering process, DMSMS must become an element for consideration, analysis and planning beginning with the program concept phase. It must play a significant role in the entire Integrated Product and Process Development (IPPD) effort. It must be addressed in market surveys and trade studies and in the formation and activities of IPTs. DMSMS must be considered in developing design guidelines and rules, management and manufacturing plans, and risk management methodologies. It should be incorporated in Request for Proposals (RFPs), contract Statements of Work (SOWs), incentive and award fee elements plus entrance and exit criteria in program reviews (particularly design reviews).
The Technology Insertion process should be tailored, as necessary, to accommodate the particular driver(s) confronting a program. While the process would be of most benefit to new programs, it can also be employed to advantage by programs already well into the acquisition cycle. At each stage of the process, appropriate sources of knowledge (e.g., funding profile, tolerance limits, candidate technology performance improvements) are considered. Of particular interest within the System Engineering area, is a focus on development of design techniques that capitalize on advances in modeling and simulation tools to facilitate rapid prototyping to achieve faster, cheaper part replacement or component redesign to incorporate new technology prior to actual design freeze.
The following figure 10 depicts a generic framework for the process for integrating Technology Insertion activities into the System Engineering process. The acquisition cycle front end is the area requiring the greatest attention. It is also the area that offers the greatest potential for reduction in Total Ownership Cost (TOC). TOC involves more than component purchase price; it includes costs associated with delivery issues, component failure detection in receiving and assembly manufacturing, failed component troubleshooting (part replacement and system regression testing), availability lifetimes, etc. Data on each of these factors should be gathered and analyzed in order to properly gauge these latter costs, and these in turn should be an integral part of the Total Ownership Cost equation. The acquisition cycle front end also includes all System Engineering activities performed to preclude or minimize DMSMS cases from developing during the acquisition cycle. Most of these activities occur during the design phases (i.e., Concept Exploration through E&MD). 
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Technology Transparency
This design methodology depends on defining all interfaces such that the individual modules can be redesigned with substitute or upgraded components without impacting their functional interfaces with other modules. This modular design approach can minimize system redesign impact. Economies of scale can be achieved if the modules are used across multiple equipment.
Technology transparency is especially relevant for:
• modular systems (a module is a discrete element of the system that performs a specific function. In particular circumstances, a module may be any level of assembly from a component upwards)
• COTS assemblies
• systems with a high probability of recurrent obsolescence
• components for specific applications
In addition to new designs, technology transparency can be applied to legacy systems in conjunction with planned technology updates or module redesigns.
Application Specific Integrated Circuit (ASIC) and Programmable Logic Device (PLD) designs should be archived using a Hardware Description Language to enable cost-effective upgrades to newer technology.
Very High Speed Integrated Circuits (VHSIC) Hardware Description Language (VHDL)
VHDL is a language used to describe digital electronic systems and is designed to fill a number of needs in the design process. First, it allows description of the structure of a design (i.e. how it is decomposed into sub-designs and how those sub-designs are interconnected). Second, it allows the specification of the function of the designs using familiar programming language forms. Third, as a result, it allows a design to be simulated before being manufactured, so that designers can quickly compare alternatives and test for correctness without the delay and expense of hardware prototyping. Through the use of Computer Aided Design (CAE) tools, it is possible to build detailed and accurate simulation models of electronic subsystems. The ability to define hardware in a descriptive model not only improves development efficiency, it also assists in migrating existing electronic subsystems to the next generation architecture 11 .
Many components designed today are for specific applications. Each of these high-density components is designed to perform unique functions specific to a single circuit board or application. When these devices become obsolete, frequently there are no direct replacements for them. This can cause two complicated DMSMS problems:
(1) Since these devices are typically complex, those without appropriate documentation are very difficult and costly to reverse engineer.
(2) If the functions are known, but not in vendor independent format, a considerable amount of engineering time and cost will be incurred developing a solution.
VHDL allows designs to be more cost-effectively transitioned to new technologies when the original components become obsolete. A paper published by the Air Force Materiel Command 
Programmable Logic Devices (PLDs)
PLDs are general-purpose combinational or sequential digital components digital components whose ultimate functions are determined by the designer. They leave the manufacture in an unprogrammed state. The configurations of the internal switches are fixed after the particular logic function for the device has been prepared and checked using CAE tools. PLDs are manufactured in most digital technologies: fuses, antifuses, floating-gate, MOSFETs and RAM cells. Floatinggate devices can be erased and reprogrammed; RAM-based devices are reconfigured dynamically.
Field Programmable Gate Arrays (FPGAs) combine the integration of an ASIC with the flexibility of user-programmed logic. FPGAs present the user with basic cells and interconnect resources, which serve as the building blocks for design implementation. Users specify their design with a schematic or hardware description language. This design is then converted to a vendor-specific format with the components of the design mapped onto the basic cells of the FPGA. Once the design has been successfully simulated, interconnect resources are programmed by the user. FPGAs are extremely useful in migrating existing designs to new hardware technology and are, therefore, an effective means to mitigate microelectronics obsolescence. Though specific FPGA families are discontinued as frequently as other integrated circuit technologies, they can be costeffectively transitioned to new technologies using the hardware description from the original FPGA design. DRAFT
Life Cycle Analysis and DMSMS Monitoring
The foundation for effective life cycle obsolescence management resides in careful integration of DMSMS program elements with system / equipment configuration control activities. Maintenance of accurate configuration data to the piece part level is essential in support of DMSMS impact assessments and associated resolution analyses. At the same time, this information will also support visibility of potential out-year DMSMS problem areas and provide the basis for proactive resolution efforts. Accordingly, an effective life cycle DMSMS management program will involve components from each of the following areas:
• Configuration Item Identification / Analysis: Development and maintenance of current configuration item listings to the piece part level are essential to effective DMSMS program management. Moreover, as system parts listed are defined, line items should be subject to periodic technology / risk screening to identify existing and potential out year DMSMS problems.
• Parts List Review / Prioritization: Once general DMSMS risk factors have been assigned to system parts lists, a prioritized set of targets for both reactive and proactive DMSMS analyses may be developed. All current and near term problems should be slated for immediate investigation, with remaining line items categorized by projected out year availability. It may be desirable to further refine rankings to reflect general engineering judgment, specific item / source risk elements as identified during case analysis, or individual item characteristics deemed appropriate (e.g., criticality, number of applications, demand volume).
• Periodic Market Assessment: Although DMSMS screening has the potential to assist in statistical problem prediction, the accuracy of such forecasting for individual line items cannot be guaranteed. Direct manufacturer coordination is often the only way to precisely evaluate DMSMS vulnerability for specific items. The analyst should therefore establish a program of periodic contact with selected item manufacturers and other industrial organizations and government agencies in order to maximize early identification of DMSMS issues. JESD48, Product Discontinuance, establishes the requirements for device manufacturers concerning timely customer notification of planned product discontinuance, which will assist customers in managing end-of-life supply, or to transition on-going requirements to substitute products.
Analysis and Monitoring Resources
A number of industry and government sponsored resources are available to support life cycle analysis and DMSMS monitoring … • The Government Data Industry Exchange Program (GIDEP) 13 maintains DoD's centralized database for DMSMS and provides a number of services to support DMSMS Management. GIDEP issues DMSMS Notices when notified by a part manufacturer or GIDEP participant that a part or production line will be discontinued. GIDEP promulgates notice to representatives at subscriber activities in DoD, and to member organizations in private DRAFT industry. These notice normally contain data such as the last date of part manufacture, last date for order processing, and minimum order quantity or buy value. GIDEP DMSMS notices are available to registered GIDEP participants via the GIDEP WWW Database Access. Member organizations can submit parts lists through the automated parts matching service and they will be run against the GIDEP database to determine if there are any non-conforming or obsolescent parts reported against it. A report is then returned to the member showing any DMSMS information against their parts list. GIDEP also provides for exchange of information relative to part manufacturing, testing, operation, and characteristic data among industry and government agencies, and may also be used as a primary source of information for identifying substitute parts and redesign criteria.
• The DoD DMSMS Teaming Group 14 is a formalized group of representatives from DoD programs and industry that work together to share solutions to common component obsolescence problems. The Teaming Group maintains a database of current information on component obsolescence and, whenever possible, explores resolutions that will work for all programs experiencing the obsolescence problem, often reducing the cost. For example, if a specific component used by more than one program is no longer offered by either the original device manufacturer or from an aftermarket supplier, each affected program may determine that emulation is the best resolution. Each affected program could then share the nonrecurring engineering costs equally. DRAFT
Other System Design Approaches
Part Selection Guidelines
When selecting components for use in new equipment designs, the life cycle of the components should be considered in order to minimize the negative impact of obsolescence during product and subsequent product support. New design activity should focus on selecting devices that are in the early stages of their product life cycle. Examples of industry guidelines that include consideration for component life cycles when selecting components are ANSI/AIAA- R100-1996, Parts Management, and IECQ QC 001007-1-1: 2000 
Part Documentation
A process should be in place to collect, store, and retrieve component data needed to address DMSMS issues that will arise in the future. For example, in cases where engineering drawings (e.g. SCDs) were used in conjunction with design disclosure packages, these drawings would be used to in conjunction with evaluating candidate replacement parts. Component data to be considered may include the original device manufacturer's data sheet, application data, qualification data, etc. For complex devices, functional and behavioral level models (e.g. VHDL) should be includes to allow designs to be cost-effectively transitioned to new technologies. DRAFT
Response to DMSMS Events
Numerous resolution alternatives exist which may be used singularly or in combination. Industry experience 15 shows that responses to DMSMS events fall within the following major categories and percent probabilities:
The following table presents common DMSMS problem resolution alternatives 16 with a relative assessment of cost and schedule impact and lasting effects. The alternatives listed are not necessarily mutually exclusive. The potential may exist to combine resolution options to achieve cost, technical or schedule benefits. For example, modified LOT buys (called "bridge buys") may be made to provide sufficient stopgap materiel while longer term design-related alternatives are pursued. Therefore, throughout the case investigation process, the potential for integrating elements of different solution methodologies to support cost-effective resolutions should be considered. Potentially lengthy.
Replacement
• Temporary if market condition for alternate source is the same as for initial source.
• Potentially long term if alternate is also used on other products. Combined demands could lengthen market viability.
Substitution
Low, but could require requalification.
Low
Minimal impact, if available • Temporary if market condition for alternate source is the same as for initial source.
• Potentially long term if substitute is also used on other products. Combined demands could lengthen market viability.
Redefine Requirement to Accept Commercial Item
Minimal.
Could require limited qualification.
Low Minimal
• Dependent upon the reason for the "obsolescence/non-availability".
Emulation
High.
Redesign / Requalification
Minimal High impact. Lead time and requalification required
• If non-available due to market viabilitythe condition could recur near term Lasting Effect -Permanence of ActionHow long will that action be effective?
Redesign / Design Modifications
• Redesign the entire system High High Lengthy • Dependent upon the reason for the "obsolescence/non-availability".
• If non-available due to market viabilitythe condition could recur near term.
• Lasting Effect -Permanence of ActionHow long will that action be effective?
Reverse Engineering
May require requalification
Low Dependent upon redesign.
Some.
Reclamation Low Low Minimal
• Short term (Cannibalize). DRAFT
Alternate Source
Use this option if part specifications and test, acceptance, and related technical data are complete and available. This data alternative refers to aftermarket suppliers and aftermarket manufacturers, both of which may be the same company. Aftermarket manufacturers are firms that buy obsolete production lines and thereby maintain capabilities to reproduce selected DMSMS parts. Many OEMs have established routine transfer agreements with aftermarket activities for discontinued product line support.
When considering this alternative, the analyst carefully evaluates manufacturer production capabilities, tooling, test programs, etc., to ensure ability to meet original item specification requirements. For some ground based systems and for space based systems in general, particular attention must be given to ensuring the alternative source for the device meets radiation requirements.
In addition to or in lieu of purchasing manufacturing capability, an aftermarket supplier may procure wafer or chip product from the original manufacturer. Some final manufacturing steps such as specialized packaging and testing are usually required to prepare the device for application.
It may be possible to make an extended buy from this supplier or to negotiate a long-term parts supply agreement. If the wafer or chip was produced on a QML, they may be acceptable without further testing; otherwise, a test and qualification program may be necessary.
Substitution
This alternative involves analyzing DMSMS item characteristics and attempting to locate a similar part with an acceptable degree of nonconformance. A detailed cross reference and comparison of original versus substitute part characteristics must be conducted, and an engineering deviation or waiver is generally required to support the change since it may require relaxing part specifications or performance parameters. It should be noted that cross-reference methodologies may differ for mechanical / materiel versus electronic items, in part due to the availability of MILSPEC/MILSTD/CID references. For example, for electronic items the process may generally be expedited through immediate analysis of lower quality parts, or by utilizing commercially available systems that cross-reference all parts.
Redefine Requirement to Accept Commercial Item
Working through the appropriate engineering support activities, redefine the requirement to accept a commercial item. This could lead to the emergence of additional sources. The process is similar to the substitution alternative, except you are redefining the item to accept a commercial item already available, instead of finding an item that is similar to the DMSMS item.
It is important to remember when selecting commercial-off-the-shelf (COTS) items that the spectrum of those items in quality and technical specifications is broad. The design limits, environmental profiles, and life cycles vary. General categories of commercial items include consumer, industrial, automotive, and specialty items. The characteristics of these items must be understood and evaluated carefully to ensure that the selected COTS part meets the needs of the military application. For some severe application environments (e.g. space applications), COTS items may not be a viable solution due to reliability considerations. DRAFT
Guidelines for Using Plastic Encapsulated Microcircuits (PEMs) as Replacement Parts
Fewer and fewer new products are introduced that are specified to perform to traditional military specification limits and assembled in hermetic packages. OEMs frequently use PEMs in cases where there are no ceramic packaged devices to replace discontinued military devices in existing equipment. PEMs are frequently the only packaging alternative available for new devices introduced to the market place. While plastic encapsulated microcircuits and semiconductors offer a number of inherent advantages over hermetically sealed ceramic packages, uncontrolled use can introduce a number of technical risks in military and aerospace equipment applications that are not associated with hermetic packaged devices.
EIA Engineering Bulletin SSB-1, Guidelines for Using Plastic Encapsulated Microcircuits and Semiconductors in Military, Aerospace and Other Rugged Applications provides:
• Methods for selecting the most suitable device for the application from both an equipment performance and economic perspective
• Means to emulate commercial buying practices by drawing upon qualification and reliability evaluation methods applied by the microelectronics design and manufacturing industry SSB-1 includes four annexes that describe the reliability assessment method, including supporting technical rationale.
• SSB-1.001 Qualification and Reliability Monitors recommends minimum qualification and monitoring testing of plastic encapsulated microcircuits and discrete semiconductors.
• SSB-1.002 Environmental Tests and Associated Failure Mechanisms provides more detailed information concerning the environmental stresses associated with qualification and reliability monitor tests and the specific failures induced by these environmental stresses.
• SSB-1.003 Acceleration Factors provides reference information concerning acceleration factors commonly used by device manufacturers to model failure rates in conjunction with statistical reliability monitoring
• SSB-1.004 Failure Rate Estimating provides reference information concerning methods commonly used by the semiconductor industry to estimate failure rates from accelerated test results.
Emulation
Emulation is the process of developing replacements for obsolete microcircuits using state of the art materiel, design and processing techniques. For unavailable components; however, a risk does exist that emulated parts may fail to meet certain unspecified performance characteristics of the original item and thus, suitability for all applications may not be guaranteed. As with aftermarket manufacturers, price per unit for emulated items is likely to be extremely sensitive to order quantities and the analyst must consider this fact when developing a procurement strategy for this alternative. At the same time, the emulation process involves creation of a design library supporting wafer fabrication; therefore, if the DMSMS item is a common or previously emulated design, preliminary engineering costs may be greatly reduced. The emulation process may be conducted at the IC, circuit card, or other designated system indenture level, and is therefore often considered a subset of redesign initiatives as discussed. DRAFT
Life-of-Type (LOT) Buy
This alternative involves purchasing a supply of DMSMS items to support total demands for the projected service life of the impacted systems / equipment. It should be noted that LOT purchases are not necessarily limited to DMSMS items. For example, in the case of microcircuits, the only available option may be the purchase of LOT quantities of die, which would require additional fabrication steps prior to use. Similarly, the LOT buy option may involve purchase of items or materiel essential to continued production or repair of the DMSMS item. LOT buys have traditionally been a common resolution alternative, but are no longer routinely preferred due to the difficulty in accurately predicting lifetime demand requirements. Other issues to consider when evaluating this option include long term storage, periodic verification of lead solderability, etc.
Redesign / Design Modifications
This alternative involves designing out DMSMS items via engineering changes at various system indenture levels, with goals of enhancing system performance and improving reliability and maintainability. As in previous alternatives, redesigns at the component or assembly may involve significant risk and extensive system integration testing if the item in question has multiple different applications. Moreover, depending on the scope and level of the redesign effort, substantial nonrecurring engineering and life cycle logistics costs may accrue. Redesigns may be most appropriate when a fairly large percentage of current or potential DMSMS parts are resident within a particular component, equipment or end-item.
Redesign the Entire System
Replacing an obsolete or discontinued item often can extend the life of a next-higher-assembly (NHA) and / or result in enhanced performance. In addition, it may be more economical to replace the item or the NHA than to use another method to resolve the problem. Replacement with newer technology or replacement of a higher assembly are two common replacement options. Note: Replacement of a higher assembly is not limited to the next higher assembly. For example, an entire radar unit may be replaced with a newer, more enhanced one rather than continuing to replace board or part level discontinued items on the original radar unit.
Redesign or Modify the Next Higher Assembly
As indicated in the previous alternative, this option is touched upon within the context of other alternatives such as substitution. In cases where replacing the DMSMS item itself is cost, time or design prohibitive, consider the replacement of the next higher assembly as an alternative. For example, replacement at the board level many be a better option than replacement of an individual chip.
Replacement with Newer Technology
With the continual improvement of technology, many serviceable technologies become obsolete rather than nonfunctional. They may rapidly go out of production in favor of the newer, enhanced technology. Replacing these items with the newer counterpart if it meets form, fit, function and interface requirements may be an easy and cost effective solution. A review of the specifications should be done to ensure obstacles to use of the new technology are not artificial (i.e. created by the limits of technology available at the time). Enhanced performance may be achievable through exercising this alternative. When evaluating this option, design analysis may be necessary to ensure the newer technology does not introduce functional performance problems (i.e. using a higher speed device may result in timing problems, a lower voltage device may be susceptible to noise in supply voltage, etc.). DRAFT
Reverse Engineering
Reverse engineering is the process of developing exact replicas of items through review of available technical data, testing, physical disassembly and inspection and analysis of functions performed by the item in the application. Reverse engineering may be appropriate when the government does not possess sufficient technical data or data rights to support reprocurement. One goal is to cultivate qualified alternate sources and to provide the basis for competitive acquisitions through development of a full procurement data package. Reverse engineering process has traditionally been fairly expensive, but may be used for cost or technical comparison with redesign or other resolutions.
Reclamation
Device reclamation is typically implemented when trade studies indicate that other approaches are not viable. This will be most effective when a supply of end items has been identified and resources are available for recovery, testing, repackaging and storage. Potential sources for this alternative include beyond economical repair (BER) equipment at government depot repair facilities, government / commercial surplus and stored materiel that has been removed due to modernization programs, and items resident within deactivated or decommissioned units. DRAFT
Economic Evaluation of DMSMS Solutions
To minimize the impact of DMSMS, DoD activities and original equipment manufacturers (OEMs) must be able to incorporate the most timely and cost-effective resolutions. The following nonrecurring engineering cost factors 17 were developed to allow DoD programs to uniformly report DMSMS cost avoidance associated with implementing the best resolution in line with program requirements and cost constraints. Original equipment manufacturers (OEMs) can also use these cost factors for to perform an economic evaluation of solutions to DMSMS events.
Resolution
Low Average High
Existing Stock $0 $0 $0 DRAFT
Bridge Buy In Conjunction with Block Point Redesign
When confronted with notification that an electronic component has been declared obsolete, the OEM is faced with a series of alternatives. The basic decision is whether to make a "Life of Type (LOT) Buy" of components necessary to last through the life cycle of the product, or to initiate redesign of the printed circuit assembly in order to design the component out of the product. Redesign can be very expensive, requiring extensive engineering, qualification testing, and certification of the assembly. Revisions to software necessitated by the new components can also involve significant engineering effort, sometimes exceeding that required for hardware design.
Deciding between redesigning a product and performing a last-time buy of devices to be discontinued becomes a business decision based upon the OEM's long-term strategy for the product and an economic assessment of alternatives to minimize cost. The most viable solution is often is to make a "bridge buy" to support production until a "block point redesign" can be made in a future year. The key is to define the optimum point in time for redesign availability to minimize total cost of the obsolescence solution. This may be the best strategy for products in production.
Boeing Electronic Products
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, for example, implements a cost analysis for determining the optimum timing for a "block point" redesign based on a minimum "Net Present Value (NPV)" of cash flows involved in the DMSMS solution. The components of the total solution cost are (1) Non-recurring costs to develop the solution: discounted cost of performing a redesign in a future year (design, testing, verification, qualification, certification, documentation and other customer deliverables).
(2) Materiel costs associated with procurement and storage of discontinued parts until the redesign is available: sum of discounted cash flows for parts needed until a given future year (purchase cost, inventory holding costs and recovery as inventory is used).
The "Redesign Cost" curve is established based on the principle that if the redesign can be deferred to a future year, the net present value of the redesign cost decreases as the redesign is postponed. The NPV analysis recognizes the time value of money, and uses a "rate of interest" equal to the discount rate minus inflation, recognizing that money can be invested elsewhere and earn a return for the company. As redesign is deferred, more parts need to be purchased to support production and repairs of the current design. The "Parts Cost" curve shows the increasing cost of holding the increasing number of parts over time. The sum of the two curves is the "Total Solution Cost" for a redesign in a particular future year. The optimum year for redesign, based solely on cost, is the year where the total solution cost is a minimum. Inventory levels of "bridge buy" materiel must be monitored against forecast demand on an on-going basis to adjust for potential changes in production and support requirements. 
DMSMS Case Resolution History File
The DMSMS solution should be documented for the purpose of capturing lessons learned, use by other programs confronted with the same DMSMS case, to support cost estimating efforts for DMSMS resolution activity and to support technology trend analysis. The history files should contain all data collected or developed during the case resolution process. The files should be maintained to support follow-on analyses and to assist others in conducting related DMSMS investigation efforts. As a corollary action, procedures should be established for tracking prospective sources, technologies or other DMSMS risk areas identified during case investigations. For example, conversations with manufacturers may indicate emerging DMSMS problems or broader supplier financial or technical circumstances that may affect continued production operations. Alternately, a predominance of DMSMS cases involving similar part types or technologies may suggest general obsolescence trends. Any such source / technology trends should be monitored in support of life cycle DMSMS management efforts.
